There are few facets of haematology of more interest to the clinician than the megaloblastic anaemias, ranging as they do from infancy to old age and embracing a number of conditions of widely differing aetiology. In some the pathogenesis of the anaemia is not understood fully, but in all there is a breakdown in the supply. of substances which are essential for the normal maturation of the red blood cells.
The concept that megaloblastic change in the bone marrow was the result of a nutritional deficiency was established by the classical work of Minot and Murphy (1926) and Castle (I929) . According to Castle, a substance in the food (extrinsic factor) combined with a factor present in normal gastric juice (intrinsic factor) and as a result of the interaction of the two the active haemopoietic principle was formed.
The isolation of vitamin B12 from liver (Smith, I948; Rickes et al., 1948) has not altered the fundamental nature of Castle's observations, for recent work has shown that vitamin B12 is probably identical with Castle's extrinsic factor (Berk et al., 1948) . Whether it is also identical with the haemopoietic principle is still not certain, for, although, it is active when given parenterally, it may have to be altered in some way by a substance present in the body before it can become haemopoietically. active.
The isolation of folic acid (Mitchell et al., I944) and the demonstration that it will restore normal erythropoiesis in all forms of megaloblastic anaemia has shown that a second dietajr factor is necessary for normal blood formation. It is clear that a deficiency of either vitamin B1, or folic acid can lead to the development of a megaloblastic anaemia, but. the exact way in which the two are. related remains unknown.
The part played by a deficiency of either of these two vitamins. in the pathogenesis of the megaloblastic anaemias is variable (Fig. i) . In true pernicious anaemia and after total gastrectomy lack of intrinsic factor leads to a deficiency of vitamin B12. The fish-tapeworm anaemia probably is also the result of deprivation of this vitamin. All the other megaloblastic anaemias are usually the result of a deficiency of folic acid, but in any one of them there may be an associated deficiency of vitamin B,2. The diagnosis of pernicious anaemia is usually easy. The occurrence of a megaloblastic anaemia with achlorhydria, and a rise in the serum bilirubin in an elderly person, makes the diagnosis likely and this becomes almost a certainty if there is also evidence of subacute combined degeneration of the cord. Megaloblastic Anaemia after Total Gastrectomy Megaloblastic anaemia is rare after total gastrectomy, but the incidence increases if the patients survive the operation for more than a few years.
MacDonald, Ingelfinger and Belding (i947) reported 46 patients who had survived total gastrectomy for more than three years and who apparently had not received prophylactic treatment with liver. In 12 macrocytic anaemia had developed, but it was rare for the anaemia to occur within two years of the operation. On the other hand, if treatment is stopped in true pernicious anaemia a relapse occurs in the first two years in 93 per cent. of the patients (Schwartz and Legere, I944). In view of this, the length of time which may pass after total gastrectomv before megaloblastic anaemia occurs is surprising, if indeed the entire source of intrinsic factor has been removed. Byron Hall (1950) has suggested that some intrinsic factor may be formed in the intestine. However, the results of our own studies of intrinsic factor activity after total gastrectomy using radioactive vitamin B12 suggest that the removal of the whole stomach leads to a diminution of activitv comparable to In the sprue syndrome megaloblastic anaemia probably results from a failure of absorption of folic acid (Girdwood, 1953) , although faulty synthesis and bacterial competition for the available supplies of the vitamin within the lumen of the intestine may be partly responsible.
In some patients lack of vitamin B1, also occurs.
Intrinsic factor may be absent from the gastric juice of a patient with sprue in relapse,' although the ability to secrete it may return during a remission (Castle et al., 1935) . Moreover, folic acid will not restore normal erythropoiesis in every *case (Ferguson and Calder, 1948) and prolonged treatment with folic acid alone may fail to maintain a normal blood count (Badenoch, 1952) . Megaloblastic Anaemia associated with Organic Disease of the Gastro-Intestinal Tract
The occurrence of megaloblastic anaemia in association with organic disease of the gastrointestinal tract has been recognized for many years (Faber, I897 Megaloblastic anaemia of dietarv origin is common in the tropics, but is extremely rare in other parts of the world. The tropical form of the disease is most common in pregnant women, but it occurs in both sexes and at all ages. The symptoms may resemble pernicious anaemia, but diarrhoea is often severe and loss of weight is common, while subacute combined degeneration of the cord is almost unknown. Although the marrow is megaloblastic, many of the patients also suffer from iron deficiency and the peripheral blood picture is sometimes predominantly hypochromic. Free acid is often present in the gastric juice and the serum bilirubin is seldom raised.
The exact nature of the dietary deficiency has not been fully explained. In most areas where the disease is common the diet consists largely of carbohydrate with little animal protein and the incidence among vegetarians is high (Taylor and ChhUttani, I945) . The anaemia can be relieved by treatment with yeast, Marmite, crude liver extract or folic acid, but it may fail to respond'to refined extracts of liver (Wills and Evans, 1938) . The response to vitamin B1, is usually poor, but good results have been claimed in some cases (Patel, 1948 Megaloblastic anaemia of dietary origin is sometimes seen in infants in temperate countries and for a time the disease was quite common in the United States of America (Zuelzer and Ogden, 1946) . Most of the children who developed the anaemia were between 9 and 12 months old and many had been fed on a proprietary milk of low protein content. More recently May, Nelson and Salmon (I949) have shown that A similar anaemia can be produced in monkeys by feeding them on a comparable diet, but that the anaemia does not occur if the diet is supplemented with ascorbic acid. From -the results of their experiments it appears that megaloblastic anaemia in infancy results from a deficiency of folic acid and that this deficiency is more prone to occur if the diet is low in vitamin C.
Pernicious Anaemia of Pregnancy
Pernicious anaemia of pregnancy is rare, but it should be suspected whenever a severe anaemia develops either during the third trimester or during the puerperium. The onset may be sudden and often appears to have been-precipitate-d by an infection. Gastro-intestinal symptoms are common and the signs of toxaemia of pregnancy are often present. Jaundice may occur, but it is rare, and purpura and haemorrhages have been-described. The spleen is palpable in about one-third of the cases. The blood picture may resemble true pernicious anaemia, but if the anaemia has developed rapidly there may be no macrocytosis (Callender, i944) . Hypochromic anaemia is often present and may make diagnosis difficult unless the marrow is examined, and this should always be done when a severe anaemia develops in pregnancv. Free acid is usually present in the gastric juice and rarely there may be considerable haemolysis with a raised serurm bilirubin and an increased excretion of urobilinogen in urine and faeces.
The results of treatment with folic acid are good and suggest that the anaemia must be due to a lack of the vitamin or to a fault in its utilization. In pregnancy the demand for folic acid is probably increased, for the anaemia is prone to occur in twin pregnancies and when pregnancies follow in rapid succession. In some women this increase in demand may not be met because their diet is inadequate, or because recurrent vomiting *or diarrhoea interfere with absorption. In others, however, the diet is excellent and no adequate cause for the deficiency can be found.
Whether the anaemia is the result of an increased demand for folic acid, or the result of some breakdown in its metabolism, there is no doubt that it is intimately related to the pregnancy. Once the puerperium is passed treatment with folic acid can be discontinued without fear of relapse, although the patient should be watched in any subsequent pregnancies, for a second attack sometimes occurs.
On the other hand, true pernicious anaemia may have its onset during pregnancy and in a few women with latent steatorrhoea the demands of pregnancy may unmask a megaloblastic anaemia for the first time. In both of these conditions treatment will have to be continued indefinitely if the patient is to remain well.
Fish-Tapeworm Anaemia
Infestation with the fish-tapeworm Diphyllobothrium latum may lead to the development of a megaloblastic anaemia similar in all clinical respects to true pernicious anaemia, although free acid may be present in the gastric juice. In some countries, notably Scandinavia, Switzerland and Japan, infestation with the worm is common, but only a small proportion of those infested develop a megaloblastic anaemia. When the anaemia occurs the worm is found to be lodged in the upper part of the small intestine. The anaemia responds to treatment with vitamin B12 or folic acid or to expulsion of the worm, but as long as the worm remains in the upper bowel treatment has to be continued indefinitely. Von Bonsdorff has shown that the fish-tapeworm itself contains large amounts of vitamin B12 (von Bonsdorff and Gordin, '952). Presumably the intact worm competes with the host for the available supplies of vitamin B12 and this results in a deficiency of the vitamin. The Diagnosis ofthe Megaloblastic Anaemias If the anaemia is the result of a deficiency of vitamin B12 or folic acid examination of the marrow will reveal the presence of megaloblasts. These are larger than normal -erythroblasts and the chromatin of the nucleus is arranged in a fine reticular network which persists with little tendency to clump as the cell matures. In typical cases the presence in the peripheral blood of macrocytes and large polymorphonuclear granulocytes with hypersegmented nuclei will suggest the diagnosis.
However, if there is an associated hypochromic anaemia the true nature of the deficiency may be missed unless the marrow is examined.
Investigation should not end with the demonstration of megaloblasts in the bone marrow, for if treatment is to be effective the cause of the anaemia must be found. If the patient is elderly, if there is achlorhydria and a raised serum bilirubin, and if subacute combined degeneration of the cord accompanies-the anaemia, the diagnosis of true pernicious anaemia can be made with confidence. Even when the diagnosis of pernicious pnaemia has been made a barwm meal should be carried out to exclude a gastric carcinoma, for the incidence of cancer of the stomach is higher in patients with pernicious anaemia than in the general population.
In younger persoins, in those in whom free acid is found in the gastric juice, or where there is an associated hypochromic anaemia, some other cause for the anaemia must be considered. In these a full X-ray examination of the gastro-intestinal tract may reveal the presence of organic disease of the bowel, and, if none is found, a fat balance should be carried out to exclude steatorrhoea.
In many patients with gastro-intestinal disease or with steatorrhoea, diarrhoea may be minimal and careful questioning will be necessary to elicit a history of dyspepsia.
Nutritional megaloblastic anaemia is rare in this country, but it should be considered whenever the patient has lived on a verv abnormal diet. In pernicious anaemia of pregnancy the' peripheral blood picture is often misleading and the diagnosis may be missed unless the marrow is examined.
Finally In the presence of subacute combinied degeneration of the cord or if the blood count is not maintained at an optimal level it is preferable to increase the frequency of injections rather than raise the size of the dose, because a large proportion of ea&h dose is excreted in the urine.
Untoward reactions are uncommon after treatment with BI2 and when they occur they are due to the presence of impurities. In such patients crystalline vitamin B12 can be used.
Folic acid is effective when given bya mouth.
The dose is 5 to 2o mg. daily. It is water-'soluble and in most cases is freely absorbed, but it can be given parenterally if the patient is vomiting or in severe cases of steatorrhoea where absorption may be impaired.
In appropriate cases improvement with vitamin B12 or folic acid is extremely rapid and even in the severely anaemic patient it is seldom necessary to resort to blood transfusion. Arteriosclerosis, the presence of an infection or an associated deficiency of iron may delay improvement, but the most common cause of failure is inaccurate diagnosis. When pernicious anaemia is suspected the indiscriminate use of ' shot-gun ' remedies before the diagnosis is made adds nothing to our knowledge and may condemn the patient to treatment for life without good reason.
